Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 09-1 53837 

(43)Date of publication of application : 10.06.1997 



(51)Int.CI. H04B 1/26 



(21)Application number : 07-313802 



(22)Date of filing 



01.12.1995 



(71) Applicant : MATSUSHITA ELECTRIC IND CO 

LTD 

(72) Inventor : ASAKAWA YASUTERU 

YAM AD A TORU 
ISHIZAKI TOSHIO 
KOSUGI HIROAKI 



(54) INTERMEDIATE FREQUENCY RLTER 

(57)Abstract: 

PROBLEIVI TO BE SOLVED: To provide a an intermediate 
frequency filter whose design and manufacture are 
facilitated and which can be miniaturized. 
SOLUTION: Frequency width containing the 3dB attenuation 
point of an output signal against an input signal is set to be 
3dB band width through which the input signal band-passes. 
A characteristic exhibiting transmission loss larger than a 
route off filter in a pass band and a characteristic exhibiting 
the transmission loss smaller than the route roll off filter in 
an attenuation band are given as transition band 
characteristics between a pass band corresponding to the 
inside of the 3dB band width and the attenuation band 
corresponding to the outside of the 3dB band with, based on 
the route roll off filter whose roll off rate is 0.5. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1]A frequency span which chooses and outputs a specific frequency component of an 
input signal, and includes even a point over said input signal of the output signal decreasing [ 3 
dB ], Based on a route roll-off filter which said input signal determined as the 3-dB bandwidth 
which carries out a band pass, and made the rate 0.5 of a roll-off, as the transient region 
characteristic between a pass band [ / in said 3 dB bandwidth ], and a decay area corresponding 
to outside of said 3-dB bandwidth, said pass band ~ said route roll-off filter ~ size ~ the 
characteristic which presents path loss, and said decay area ~ said route roll-off filter ~ 
smallness ~ an intermediate frequency filter constituted so that it might have the characteristic 
which presents path loss. 

[Claim 2]A frequency span which chooses and outputs a specific frequency component of an 
input signal, and includes even a point over said input signal of the output signal decreasing [ 3 
dB ], It is an intermediate frequency filter with which the characteristic of a route roll-off filter 
determined as the 3-dB bandwidth in which said input signal carries out a band pass is obtained. 
An intermediate frequency filter which the 3-dB bandwidth in the intermediate frequency filter 
concemed is **8.5 kHz thru/or **13.0 kHz, and was constituted so that a rate of a roll-off might 
be set to 0.9 thru/or 1.0. 

[Claim 3] A frequency span which chooses and outputs a specific frequency component of an 
input signal, and includes even a point over said input signal of the output signal decreasing [ 3 
dB ], It is an intermediate frequency filter with which the characteristic of a route roll-off filter 
determined as the 3-dB bandwidth in which said input signal carries out a band pass is obtained. 
An intermediate frequency filter which the 3-dB bandwidth in the intermediate frequency filter 
concemed is **9.0 kHz thru/or **13.0 kHz, and was constituted so that a rate of a roll-off might 
be set to 0.6 thru/or 1 .0. 

[Claim 4] A frequency span which chooses and outputs a specific frequency component of an 
input signal, and includes even a point over said input signal of the output signal decreasing [ 3 
dB ], It is an intermediate frequency filter with which the characteristic of a route roll-off filter 
determined as the 3-dB bandwidth in which said input signal carries out a band pass is obtained. 
An intermediate frequency filter which the 3-dB bandwidth in the intermediate frequency filter 
concemed is **9.5 kHz thru/or **13.0 kHz, and was constituted so that a rate of a roll-off might 
be set to 0.5 thru/or 1.0. 

[Claim 5] A frequency span which chooses and outputs a specific frequency component of an 
input signal, and includes even a point over said input signal of the output signal decreasing [ 3 
dB ], An intermediate frequency filter with which it is an intermediate frequency filter with 
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which the characteristic of a route roll-off filter determined as the 3-dB bandwidth in which said 
input signal carries out a band pass is obtained, and group delay frequency characteristics in the 
3-dB bandwidth in the intermediate frequency filter concemed have two or more ripples. 
[Claim 6] A frequency span which chooses and outputs a specific frequency component of an 
input signal, and includes even a point over said input signal of the output signal decreasing [ 3 
dB ], It is an intermediate frequency filter with which the characteristic of a route roll-off filter 
determined as the 3-dB bandwidth in which said input signal carries out a band pass is obtained, 
An intermediate frequency filter with which group delay frequency characteristics in the 3-dB 
bandwidth in the intermediate frequency filter concemed have two or more ripples, and it was 
made for a peak of the ripple to be located in frequency other than center frequency of the 
intermediate frequency filter concerned. 

[Claim 7] The intermediate frequency filter according to claim 6 with which only frequency 
equivalent to 25% of the 3-dB bandwidth in the intermediate frequency filter concemed and 50% 
located a peak of a ripple of group delay frequency characteristics in the low-pass side of the 3- 
dB bandwidth. 

[Claim 8]The intermediate frequency filter according to claim 6 with which only frequency 
equivalent to 25% of the 3-dB bandwidth in the intermediate frequency filter concemed and 50% 
located a peak of a ripple of group delay frequency characteristics in the high region side of the 
3-dB bandwidth. 

[Claim 9]alienation with a peak of a ripple of group delay frequency characteristics, and center 
frequency of the intermediate frequency filter concemed ~ the intermediate frequency filter 
according to claim 6 which made a frequency span a frequency span equivalent to 25% of the 3- 

dB bandwidth in the intermediate frequency filter concemed, and 50%. 

[Claim lOJThe intermediate frequency filter according to any one of claims 1 to 9 constituted 

using a piezoelectric ceramic element. 

[Claim 1 l]The intermediate frequency filter according to any one of claims 1 to 9 constituted 
using a surface acoustic element. 

[Claim 12]The intermediate frequency filter according to any one of claims 1 to 9 constituted 
using an integrated switched capacitor. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention is used for a wireless-radios machine, and relates to the 

intermediate frequency filter which passes only the intermediate frequency signal. 

[0002] 

[Description of the Prior Art]The main problems in digital signal transmission art are that a 
digital error increases by the intersymbol interference which originates in distortion of the pulse 
shape by which it is generated when a pulse signal passes through a transmission line, and the 

pulse signal receives. 

[0003]Usually, the frequency spectra of a rectangular pulse have an infinite frequency 
component theoretically. Therefore, if it is going to receive correctly the rectangular pulse 
waveform transmitted through the transmission line. It is required for a transmission line to be 
able to transmit an infinite frequency component ideally, therefore a wide band is extremely 
required of the frequency characteristic over the transmission signal of a transmission line, and in 
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addition, this will receive to an unnecessarily excessive noise component undesirably, seeing 
from the utilization efficiency of transmission frequency bandwidth. 

[0004]If a line band is narrowed in order to decrease this noise component, a received-pulses 
waveform will spread in a time base direction, and it will be affected at the discernment time 
between the contiguity pulses of order. Therefore, intersymbol interference is small, there are 
few noises, namely, to equalize in the pulse shape with which a digital error rate serves as the 
minimum is desired. 

[0005 ]The most fundamental band limit is use of the filter which has the ideal low-pass filter 
characteristic. When an impulse is impressed to this filter, a response serves as the response 

waveform 151 of well-known as shown in drawing 15. 

[0006]In this response waveform 151, a zero appears in every To (=l/2fo) except for the peak of 
the center in t= 0. If interval To to t=0-To in this case is called Nyquist interval 152 and an 
impulse train is transmitted with this Nyquist interval 152, intersymbol interference will be 
thoroughly avoided to the momentary detection performed in the center of received pulses. 
[0007] Since a fundamental wave component is intercepted, the train of impulses of an interval 
smaller than this Nyquist interval 152 is not transmitted by usual. That is, the bit rate 
corresponding to Nyquist interval 152 has given the transmission limit in the zone. 
[0008]Extraordinary difficulty is followed on realizing the above ideal low-pass filter 
characteristics in practice. Then, in order to search for the conditions of the filter in an actual 
transmission line, the 1st standard of nyquist is used. 

[0009] As it is indicated in drawing 16 fa) as the 1st standard of nyquist, about interception 
angular-frequency omegao, Also as the filter characteristics 163 as applied the filter 
characteristics 162 of the symmetrical filter which has the characteristic symmetrical with 
to the filter characteristics 161 of an ideal filter, compounded them and shown in drawing 16 (b). 
As shown in drawing 16 (d), I hear that the intersection to the horizontal axis (omegaot) of the 
impulse response waveform 165 does not change, and there is. 
[0010]The filter characteristics shown in drawing 16 (b) and drawing 16 (c) have the 
characteristic that realization is possible and no intersymbol interference is to the impulse 
transmission of repeat frequency [ of 2f ] o. The frequency characteristic symmetrical with 
which can be added to the filter characteristics 161 of an ideal filter exists infinitely, and the 
synthesizing filter characteristic which added in this way and was made also exists infinitely. 
The filter characteristics generally widely used among this synthesizing filter characteristic are 
the filter characteristics 163 shown in drawing 16 (b). 
It is called roll-off spectrum and expressed with (the formula 1). 

[0011] 
[Equation 1] 



[0012]By calling alpha the rate of a roll-off here by the coefficient which shows the degree of the 
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inclination of a band limit, and changing the value of this rate alpha of a roll-off in 
(0<=alpha<=l), As shown in drawing 16 (c). it is changed from the filter characteristics [ in / for 
filter characteristics / alpha= 0 ] 164a before the filter characteristics 164b in alpha= 1. omegao is 
expressed like omegao^piTo using Nyquist interval To. 

[0013]Usually, it becomes the optimal transmission system characteristic for the combination of 
the route roll-off filter characteristic which distributed the characteristic of being expressed with 
the above-mentioned (formula 1) to division into equal parts at the transmitting side and the 
receiver of the transmission system to make a digital error rate the minimum. 
[0014]In order to observe visually the received-pulses waveform containing intersymbol 
interference and a noise, the eye diagram (eye pattern) typically drawn on drawing 1 7 is 
convenient. An eye diagram is the waveform which restored to the digital signal sequence 
modulated by the random pulse by the receiver, took the synchronization by the clock pulse and 
described this demodulation waveform on the oscilloscope. 

[0015]The opening part 171 of the waveform pattern which carried out the form of the eye near 
the identification point of the eye diagram shown in drawing 17 can be called an eye, and it can 
ask for the degree of margin of numerals discernment from this numerical aperture. Supposing 
there is deltaV in the direction of an oscillation axis (lengthwise direction) and the numerical 
aperture of an eye has degradation of deltaT to an ideal eye in a time base direction (transverse 
direction). The eye numerical aperture of VaA^p and a time base direction is expressed with ta/Tp, 
and the eye numerical aperture of the direction of an oscillation axis can evaluate the quality of 
the transmission system characteristic by these eye numerical apertures. 
[0016]However, since it complains of the evaluation by this eye numerical aperture to human 
being's feeling intuitively, as qualitative observation, it is convenient, but there are some which 
lack in quantitative evaluation. On the other hand, as a quantitive rate scale of a digital signal 
transmission system, there is a vector amplitude error showing an error with the modulated wave 
type of an ideal. This is a value of the vector amplitude error 182 which expressed the gap from 
the ideal signal 181 based on the coordinates R of the amplitude/phase of ideal pi / 4 shift QPSK 
signal, and the coordinates S of the amplitude/phase of pi / 4 shift QPSK signal actually 
measured, as shown in drawing 18 . 

[0017]Generally, (absolute value of vector amplitude error 182)/(absolute value of the amplitude 

of the ideal signal 181) is called modulation accuracy, and it is considered as the rate scale in a 
digital signal transmission system. In the RCR (Research & Development Center of Radio 
System) standard, modulation accuracy is determined as less than 12.5% in the sending signal. 
[00 18] As mentioned above, in a digital transmission system. As most typical filter that 
realization of the transmission line which loses intersymbol interference to an impulse signal, 
and where little response of a digital error is obtained becomes important, and can realize such 
an impulse response, A roll-off filter is mentioned and the digital error rate resulting from 
intersymbol interference can be reduced also in a digital radio transmission system by using this 
roll-off filter as an intermediate frequency filter of the communication equipment in a digital 
radio transmission system. 

[0019]Of course, a roll-off filter suitable for digital signal transmission described above can be 
easily constituted using discrete part, such as an inductor and a capacitor, and is used from the 
former. However, there is a limit in the miniaturization, and the LC filter constituted using such 
an inductor (L), a capacitor (C), etc. cannot fully satisfy the request of the time of 
microminiaturization of the present communication equipment, and has already become the past 
thing. 
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[0020]By then, development of the presentation called the three component systems PZT since 
piezoelectricity was checked in the ceramic element made from barium titanate (BaTiOa). The 
piezoelectric ceramic material which a dielectric constant, piezoelectricity, a mechanical quality 
factor, temperature characteristics, etc. can choose now freely, . Compared with other 
piezoelectric material, the wide range characteristic is obtained by changing the presentation 
whose piezoelectricity is size and whose dielectric constant is size. Since it has many features 
which are the extremely stable low cost with mass production nature which can form shape 
freely, and are referred to as suitable for the miniaturization etc., it came to be widely used as a 
material of a resonator. 

[0021]Therefore, can use this piezoelectric ceramic material as a raw material of the intermediate 
frequency filter of the 450-kHz belt used for digital mobile communications equipment, and as 
an intermediate frequency filter in digital mobile communications equipment from the former. 
Many ceramics filters constituted using the above-mentioned piezoelectric ceramic material are 
used. 
[0022] 

[Problem(s) to be Solved by the InventionJHowever, although it is widely used from the 
necessity for the miniaturization and uses as the intermediate frequency filter in the mobile 
communications equipment in a digital radio transmission system now in the conventional 
intermediate frequency filter constituted by the above ceramics filters, This ceramics filter 
assumes a gap of the frequency by temperature characteristics etc.. It is most which designed a 
**10.5-kHz 3-dB pass band width, provided means, such as carrying out extemal [ of the resistor 
] to a resonator in order to decrease a group delay deviation, and has acquired the modulation 
accuracy of required In the case where this kind of filter is used for a digital transmission 
system, although the actual condition is that it is [ that there is nothing ] near in practical 
information useful to that design and manufacture and the miniaturization was completed, the 
design had the problem that it was difficult and manufacture was not easy. 
[0023 ]In general radio frequency signal transmission systems, such as a digital signal 
transmission system using a radio frequency signal, In [ as for the above ceramics filters, it is 
common to be used only for a receiver as an intermediate frequency filter, therefore ] a digital 
radio transmission system. Realizing route roll-off characteristics by the above-mentioned 
problem in the receiver for which the intermediate frequency filter which comprised above 
ceramics filters is used also had the problem of being very difficult. 

[0024] When this invention solves the above-mentioned problem and it uses it as an intermediate 
frequency filter of the communication equipment in a digital radio transmission system. The 
digital error rate which has outstanding filter characteristics and originates in intersymbol 
interference can be reduced, and the intermediate frequency filter which can make design and 
manufacture easy further, and can be miniaturized is provided. 
[0025] 

[Means for Solving the Problem]In order to solve an aforementioned problem, the intermediate 

frequency filter of this invention according to claim 1 , A frequency span which chooses and 
outputs a specific frequency component of an input signal, and includes even a point over said 
input signal of the output signal decreasing [ 3 dB ], Based on a route roll-off filter which said 
input signal determined as the 3-dB bandwidth which carries out a band pass, and made the rate 
0.5 of a roll-off, as the transient region characteristic between a pass band [ / in said 3 dB 
bandwidth ], and a decay area corresponding to outside of said 3-dB bandwidth, said pass band — 
said route roll-off filter ~ size ~ the characteristic which presents path loss, and said decay area - 
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- said route roll-off filter ~ smallness ~ it constitutes so that it may have the characteristic which 

presents path loss. 

[0026]According to this composition, when it is used as an intermediate frequency filter of 
communication equipment in a digital radio transmission system, it acts so that a digital error 
rate resulting from intersymbol interference may be reduced. 
[0027] 

[Embodiment of the Invention] Hereafter, the intermediate frequency filter in which an 
embodiment of the invention is shown is explained, referring to Drawings. 
[0028]As conventional technology explained, when using a ceramics filter made from a 
piezoelectric ceramic material as an intermediate frequency filter of the communication 
equipment in a digital radio transmission system, From the Reason the design and manufacture 
for reducing the digital error rate which has outstanding filter characteristics and originates in 
intersymbol interference are not easy. In the ceramics filter of the 450-kHz belt used for digital 
mobile communications equipment, the actual condition is that realization of route roll-off 
characteristics without intersymbol interference is very difficult. 

[0029]Therefore, by investigating the influence which it has on the transmission system 
characteristic when filter characteristics separate from route roll-off characteristics here, The 
result of having examined the desirable characteristic of the ceramics filter is explained to the 
case where a ceramics filter is used as above intermediate frequency filters. 
[003 0]E valuation of filter characteristics was performed by searching for the modulation 
accuracy showing the gap from an ideal signal (state without intersymbol interference), i.e., 
(absolute value of vector amplitude error)/, (absolute value of ideal signal amplitude) in a 
simulation. 

[0031]First, when modulation accuracy estimates filter characteristics, the outline procedures of 
the modulation accuracy simulation used for the evaluation are enumerated below, and are 
explained briefly. The procedure of this modulation accuracy simulation creates random data 
using 15 steps of (1) M sequence. 
[0032](2) Change binary code into a gray code. 

(3) Map a gray code in pi / 4 shift QPSK. 

(4) Calculate the impulse response of a route roll-off filter. 
[0033](5) Create the repetition waveform for FFT. 

(6) Perform a convolution integral. 

(7) Pass a linear amplifier and amplify. 

[0034](8) Ask for the maximum, the minimum, and average power. 

(9) Ask for a frequency domain by FFT. 

(10) Create the data for a plot in a frequency domain. 
[0035](1 1) Pass a receiving filter in a frequency domain. 

(12) Search for a segment of time by FFT. 

(13) Plot data on a phase plane. 

[0036](14) Ask for an amplitude error and a phase error. 

(15) Calculate modulation accuracy. 

(16) Change inclination of the phase of a filter. 

~ it becomes like. Here, integration of (6) is performed by passing a route roll-off filter, the 
characteristic of the receiving filter of (1 1) is incorporated from a ceramics filter design program 
or data measuring, and the filter characteristics are given with amplitude and a phase. In pi / 4 
shift QPSK modulation, in order to apply abnormal conditions by relative displacement of a 
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phase, as for inclination of the phase of a filter, whether only in which, not a problem but the 
phase has shifted from the straight line poses a problem. For this reason, a phase is incorporated 
with the straight line used as a standard, and is given with the difference of data. The slope of a 
line used as a standard shall repeat (1 1) - (16), and shall make modulation accuracy the 
minimum. 

[0037]The combination of the various filter characteristics which show drawing 1 - drawing 5 
the above-mentioned simulation was followed. By the case where drawing 2 i s between 
transmission and reception, and it has roll-off characteristics by the case where drawing 1 is 
between transmission and reception, and it has route roll-off characteristics. By the case where a 
receiver filter has an A-weighting function with route roll-off characteristics, a transmitting side 
filter drawing 3 . In the case where, as for drawing 4 , a receiver filter has B weighting with route 
roll-off characteristics in a transmitting side filter, drawing 5 is a case where a transmitting side 
filter has route roll-off characteristics, and a receiver filter has C weighting. The actual 
measurement of the modulation accuracy about these filter characteristics and the result of the 
simulation were shown as compared with (Table 1). 



[0038] 
Table 1] 
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B.G% 


11.8% 



(1^1) 



[0039]this (Table 1) ~ from ~ it is admitted that the actual measurement and simulation value of 
modulation accuracy are well in agreement so that clearly. Therefore, suppose that evaluation of 
the filter characteristics in this embodiment is performed with the simulation of modulation 
accuracy. 

[0040]In order to miniaturize a 450-kHz belt ceramics filter, it is effective to use the rectangular 
plate vibrator using the length vibration mode of a piezoelectric transducer as a filter element. 
However, since the interval of resonance fi-equency-antiresonant firequency is small compared 
with spread vibration when using length vibration mode, the problem that the design of the filter 
of a broadband is difficult occurs. Then, the influence which change of bandwidth has on 
modulation accuracy was considered. 

[0041]On the occasion of this examination, a transmission system is used with 3dB bandwidth 
=** 10.5kHz, The 3-dB bandwidth of the route roll-off filter which gives the characteristic as an 
intermediate frequency filter of a receiving system, and the rate alpha of a roll-off were changed 
using the intermediate frequency filter which has the characteristic of the route roll-off filter 
made into the rate alpha= 0.5 of a roll-off, and the modulation accuracy was evaluated. It 
corresponds to the ceramics filter which the route roll-off filter of a receiving system examines. 
Here, the characteristic of each filter shall have the linear phase characteristic. The examining 
result by the above conditions is shown in ((Table 2 and 3)). 
[0042] 
[Table 2] 
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[0043] 



[Table 3] 
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[0044]In (Table 2) and the (Table 3), when 3-dB bandwidth is 10.5 kHz, modulation accuracy 
serves as best, Other than this, even when jam bandwidth of 3 dB is larger than it, and even when 
small, it is shown that modulation accuracy deteriorates, and it is also shown that these things 
can say similarly about all the rates of a roll-off 

[0045] Since the direction which makes 3-dB bandwidth large is smaller than the direction to 
narrow, the degree of degradation is understood that the deterioration degree by dispersion in 
frequency is small advantageous when 3-dB bandwidth is designed width. Speaking of the rate 
of a roll-off, the optimum value of the rate of a roll-off which makes modulation accuracy best 
exists with 3-dB bandwidth. When narrowing 3-dB bandwidth, there is a tendency for the 
degradation rate of modulation accuracy to decrease, by enlarging the rate of a roll-off. 
[0046]Thus, when 3-dB bandwidth is narrow, it is possible to reduce degradation of modulation 
accuracy by enlarging the rate of a roll-off, but it is guessed that the frequency drift by 
temperature characteristics has an adverse effect on modulation accuracy compared with the case 
where 3-dB bandwidth is wide. 

[0047]Generally, it is thought that the energy distribution of a transmission signal is concentrated 
in the 3-dB bandwidth of a filter. Therefore, when the filter characteristics in 3-dB bandwidth 
change, naturally change of modulation accuracy is expected. 

[0048] Draw ing 6 and drawing 7 are the characteristic figures of the low-pass filter which is 
going to evaluate change of modulation accuracy. Drawing 6 and drawing 7 are based on the 
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same low-pass filter, and are a characteristic figure of the various low-pass filters to which the 
internal and external rate of a roll-off of the 3-dB bandwidth was changed. 
[0049]These filter characteristics are based on the route roll-off filter of 3dB bandwidth 
= 10.5kHz and the rate alpha= 0.5 of a roll-off. Drawing 6 shows filter characteristics when 
draw ing 7 changes the rate alpha of a roll-off into 0, 0.25, 0.75, and 1.0 with the frequency band 
of a high region rather than 10.5 kHz, when the rate alpha of a roll-off is changed into 0, 0.25, 
0.75, and 1.0 with a low-pass frequency band rather than 10.5 kHz. However, it assumes that a 
phase is constant and group delay frequency characteristics are not taken into consideration. The 
dashed line 61 in drawing 6 and drawing 7 shows the filter characteristics of the route roll-off 
filter of the rate alpha= 0.5 of a roll-off in a transmission system, respectively. 
[0050]The evaluation result of the modulation index in the transmission system of the filter 
characteristics shown in drawing 6 and drawing 7 is shown in drawing 8 . Drawing 8 t he rate of a 
roll-off in the modulation accuracy characteristic 81 at the time of making it change within 3-dB 
bandwidth. In the modulation accuracy characteristic 82 at the time of degradation of modulation 
accuracy becoming less than the case where the rate alpha of a roll-off becomes smaller [ it / to 
become larger than 0.5 ], a little, and changing the rate of a roll-off out of 3-dB bandwidth. It 
means that degradation of modulation accuracy becomes less than the case where the rate alpha 
of a roll-off becomes smaller [ it / to become larger than 0.5 ], remarkably. 
[0051] When in other words it is a filter whose 3-dB bandwidth is **10.5 kHz, The transmission 
quantity in 3-dB bandwidth to the transmission quantity of the route roll-off characteristics of the 
rate 0.5 of a roll-off the direction of few filter characteristics, Compared with many filter 
characteristics, degradation of modulation accuracy is small, and degradation of modulation 
accuracy has the small transmission quantity besides 3-dB bandwidth compared with filter 
characteristics with few many filter characteristics to the transmission quantity of the route roll- 
off characteristics of the rate 0.5 of a roll-off The degree of degradation is remarkable when 
transmission quantity out of band 3 dB becomes less than the transmission quantity of the route 
roll-off characteristics of the rate 0.5 of a roll-off 

[0052]Since the filter characteristics with the small rate alpha of a roll-off are the things of a very 
steep operating characteristic, realization is difficult, and the actual rate of a roll-off becomes 
large easilier than 0.5. Therefore, the characteristic in 3-dB bandwidth becomes important from a 
viewpoint of raising modulation accuracy. 

[005 3] So far, although the examining result about the amplitude characteristic of a filter has been 
explained, the analysis result about group delay frequency characteristics is explained 
henceforth. The group delay frequency characteristics of a ceramics filter are absolutely 
govemed by group delay and the group delay ripple deviation. By any means, group delay 
specifies the timing of the transmission and reception in Transmission Systems Division, and 
does not affect modulation accuracy. On the other hand, a group delay ripple deviation causes 
waveform distortion at the time of a signal passing a filter, and has direct influence on 
modulation accuracy. 

[0054]The number of group delay ripples in the 3-dB bandwidth of a filter (the number of the 
mountains of the group delay on a frequency axis) changes a little with designing methods. In 
regulation of the present group delay frequency characteristics, although the ripple deviation is 
defined, it is not defined to the number of ripples. Here, the relation between a group delay ripple 
deviation and modulation accuracy is considered, and when a ripple deviation is still more nearly 
equal, and the numbers of ripples differ, the influence modulation accuracy is influenced is 
considered. 
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[0055]3-dB bandwidth is **10.5 kHz, and the rates alpha of a roll-off are the route roll-off 
characteristics of 0.5 for examination. A phase characteristic shall be given by ph(x)=x-sinx. 
[0056] Drawing 9 shows the characteristic in case the number of group delay ripples which is the 
typical feature of a ceramics filter is 1, and draw i ng 10 shows the characteristic in case the 
number of group delay ripples is 2. A solid line shows a phase characteristic by drawing 9 and 
drawing 10 , and a dashed line shows group delay frequency characteristics. 
[005 7] Drawing 11 is a modulation accuracy characteristic figure to a group delay ripple 
deviation. It is shown that a group delay ripple deviation and modulation accuracy have a 
relation of primary proportionality as for drawing 1 1 . Here, it is shown clearly that the curve 112 
with two ripples of degradation of modulation accuracy is smaller to the same group delay ripple 
deviation compared with the curve 111 with one ripple. The same result was obtained also when 
the number of ripples was two or more. 

[0058]Since the absolute value of the amplitude of a phase becomes small so that there are many 
ripples when a group delay ripple deviation is equal, it is thought that it depends for modulation 
accuracy on the absolute value of phase amplitude instead of a group delay ripple deviation. That 
is, if the group delay ripple deviation is the same, a direction with many ripples is advantageous 
to an improvement of modulation accuracy. 

[0059]From the above-mentioned analysis result, it was presumed that the factor which carries 
out direct influence to modulation accuracy was not a group delay ripple deviation but a phase 
excursion. Then, the relation between a phase characteristic and modulation accuracy is 
considered. 3-dB bandwidth is **10.5 kHz, the candidate for examination is the same with the 
case of a group delay ripple deviation, and the rates alpha of a roll-off are the route roll-off 
characteristics of 0.5. 

[0060] Drawing 12 and drawing 13 show the phase excursion characteristic in case there is a 
phase excursion only in a certain frequency range, and the group delay frequency characteristics 
corresponding to the phase excursion (the phase normalized the field which changes linearly in 
the straight line of phase excursion =0, and the phase excursion characteristic expressed a 
changed part from the reference line). 

[0061]The phase excursion when the frequency from which a phase excursion serves as the 
maximum without changing the form of a phase excursion was changed (that is, parallel 
movement of the form of a phase characteristic is carried out on a frequency axis.) asked for the 
relation of the frequency and modulation accuracy which take the maximum with the simulation. 
The result is shown in drawing 14 . 

[0062]As a general trend, it tums out that the influence which it has on modulation accuracy is 
small, so that a phase excursion separates from center frequency. Although drawing 12 and 
drawing 13 show the phase characteristic with the same maximum phase excursion, therefore the 
direction of drawing 13 presents a rapid phase change, the group delay deviation is twice [ about 
] to drawing 12 . 

[0063]However, drawing 14 shows that it is the characteristic as modulation accuracy that the 

characteristic 142 of drawing 13 is more preferred rather than the characteristic 141 of drawing 
12 . This shows that it is insufficient that only a group delay deviation (what differentiated the 
phase about frequency) estimates modulation accuracy, when a phase excursion is equal. When a 
phase excursion was equal, it was checked that it may also be more effective in an improvement 
of modulation accuracy for a phase to change rapidly. 

[0064]As stated above, in the intermediate frequency filter of this embodiment, the following 
matter became clear by evaluating the filter characteristics from modulation accuracy. 
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1. When narrowing (1) 3-dB bandwidth rather than route roll-off characteristics about an 
amplitude characteristic, degradation of modulation accuracy has the small one where the rate of 
a roll-off is larger. 

[0065](2) Although route roll-off characteristics are ideals, if the zone of an amplitude 
characteristic is narrow to route roll-off characteristics within a 3-dB zone when separating from 
this characteristic and it is out of band 3 dB, degradation of modulation accuracy has the small 
one to route roll-off characteristics where a zone is larger. 

[0066](3) The thing with the largest rate of degradation is out of band 3 dB, and is a case where a 
zone becomes narrow from route roll-off characteristics. 

(4) When it actually constitutes a filter, it is difficult to make the rate of a roll-off or less into 0.5, 
and it is effective against modulation accuracy in this case. [ of the amplitude characteristic 
within a 3 dB zone ] 

[0067](5) When the rate of a roll-off is equal, compared with the case where the direction where 
3-dB bandwidth spreads to a reference value (**10.5 kHz) narrows, degradation of modulation 
accuracy has a small rate. The small filter of influence is obtained from this to frequency 
deviation by designing bandwidth greatly beforehand. 

2. If (1) group-delay-ripple deviation is the same about group delay frequency characteristics, a 
direction with many ripples is advantageous to modulation accuracy. From this, it seems that 
modulation accuracy is related to a phase excursion. 

[0068](2) The influence on modulation accuracy becomes small, so that a position with a 
deviation separates from the center frequency of a filter, when there is a phase excursion. 
(3) When a phase excursion is equal, compared with the case where a phase changes in (a phase 
characteristic is steep) and a wide frequency range in the direction where a phase changes, 
modulation accuracy becomes good in a narrow frequency range. From this, a group delay 
deviation is had a feeling that modulation accuracy is not what is connected directly. 
[0069]Based on the examining result of the filter characteristics for digital signal transmission 
from the field of the modulation accuracy evaluation described above, the resonator used length 
vibration mode and center of filter frequency made the eight-element ceramic ladder filter as an 
experiment as 450 kHz. The modulation accuracy acquired considering this ceramics filter as an 
intermediate frequency filter is 4.9% thru/or 6.8%, and this fully fills the practical use 
characteristic. 

[0070]In the intermediate frequency filter in this embodiment, although the ceramics filter was 
explained as an example. If it is various kinds of semiconductor functional devices including a 
surface acoustic element and CCD, the integrated switched capacitor element, and the other 
elements which achieve an equivalent function, No matter what element it may use, the 
intermediate frequency filter shown by this embodiment and the same intermediate frequency 
filter can be constituted, and the same effect can be acquired. 
[0071] 

[Effect of the InventionJAccording to this invention, a frequency span including even the point 

over said input signal of an output signal decreasing [ 3 dB ] as mentioned above, Based on the 
route roll-off filter which said input signal determined as the 3-dB bandwidth which carries out a 
band pass, and made the rate 0.5 of a roll-off, as the transient region characteristic between a 
pass band [ / in said 3 dB bandwidth ], and the decay area corresponding to the outside of said 3- 
dB bandwidth, In said pass band, size rather than said route roll-off filter The characteristic 
which presents the becoming path loss, said decay area ~ said route roll-off filter ~ smallness ~ 
it constituting so that it may have the characteristic which presents path loss, and. Since the 
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group delay frequency characteristics in a band pass field detached the peak of the ripple 
substantially and constituted it from center of filter frequency, including two or more ripples, 
When using it as an intermediate frequency filter of the communication equipment in a digital 
radio transmission system, the digital error rate which has outstanding filter characteristics and 
originates in intersymbol interference can be reduced. 

[0072]Since the above-mentioned intermediate frequency filter was constituted using the 
piezoelectric ceramic element, the surface acoustic element, or the integration switched 
capacitor, in addition to the above-mentioned effect, design and manufacture can be further made 
easy, and it can miniaturize. 

[0073 ]By the above, such communication equipment can be further miniaturized by using it as 
an intermediate frequency filter of portable communication equipment like the mobile 
communications cordless handset in a digital radio transmission system. 

TECHNICAL FIELD 



[Field of the Invention] This invention is used for a wireless-radios machine, and relates to the 
intermediate frequency filter which passes only the intermediate frequency signal. 

PRIOR ART 



[Description of the Prior ArtJThe main problems in digital signal transmission art are that a 
digital error increases by the intersymbol interference which originates in distortion of the pulse 
shape by which it is generated when a pulse signal passes through a transmission line, and the 

pulse signal receives. 

[0003]Usually, the frequency spectra of a rectangular pulse have an infinite frequency 
component theoretically. Therefore, if it is going to receive correctly the rectangular pulse 
waveform transmitted through the transmission line, It is required for a transmission line to be 
able to transmit an infinite frequency component ideally, therefore a wide band is extremely 
required of the frequency characteristic over the transmission signal of a transmission line, and in 
addition, this will receive to an unnecessarily excessive noise component undesirably, seeing 
from the utilization efficiency of transmission frequency bandwidth. 

[0004]If a line band is narrowed in order to decrease this noise component, a received-pulses 
waveform will spread in a time base direction, and it will be affected at the discemment time 
between the contiguity pulses of order. Therefore, intersymbol interference is small, there are 
few noises, namely, to equalize in the pulse shape with which a digital error rate serves as the 
minimum is desired. 

[0005 ]The most fundamental band limit is use of the filter which has the ideal low-pass filter 
characteristic. When an impulse is impressed to this filter, a response serves as the response 
waveform 15 1 of well-known as shown in drawing 15 . 

[0006]In this response waveform 151, a zero appears in every To (=l/2fo) except for the peak of 
the center in t= 0. If interval To to t=0-To in this case is called Nyquist interval 152 and an 
impulse train is transmitted with this Nyquist interval 152, intersymbol interference will be 
thoroughly avoided to the momentary detection performed in the center of received pulses. 
[0007] Since a fundamental wave component is intercepted, the train of impulses of an interval 
smaller than this Nyquist interval 152 is not transmitted by usual. That is, the bit rate 
corresponding to Nyquist interval 152 has given the transmission limit in the zone. 
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[0008]Extraordinary difficulty is followed on realizing the above ideal low-pass filter 
characteristics in practice. Then, in order to search for the conditions of the filter in an actual 
transmission line, the 1st standard of nyquist is used. 

[0009] As it is indicated in drawi ng 1 6 (a) as the 1st standard of nyquist, about interception 
angular- frequency omegao. Also as the filter characteristics 163 as applied the filter 
characteristics 162 of the symmetrical filter which has the characteristic symmetrical with 
to the filter characteristics 161 of an ideal filter, compounded them and shown in drawing 1 6 (b). 
As shown in drawing 16 (d), I hear that the intersection to the horizontal axis (omegaot) of the 
impulse response waveform 165 does not change, and there is. 
[0010]The filter characteristics shown in drawing 16 (b) and drawin^^^^^^ have the 
characteristic that realization is possible and no intersymbol interference is to the impulse 
transmission of repeat frequency [ of 2f ] o. The frequency characteristic symmetrical with 
which can be added to the filter characteristics 161 of an ideal filter exists infinitely, and the 
synthesizing filter characteristic which added in this way and was made also exists infinitely. 
The filter characteristics generally widely used among this synthesizing filter characteristic are 
the filter characteristics 163 shown in drawing 16 (b). 
It is called roll-off spectrum and expressed with (the formula 1). 

[0011] 
[Equation 1] 



[0012]By calling alpha the rate of a roll-off here by the coefficient which shows the degree of the 
inclination of a band limit, and changing the value of this rate alpha of a roll-off in 
(0<=alpha<=l), As shown in drawinR 16 (c)., it is changed from the filter characteristics [ in / for 
filter characteristics / alpha= 0 ] 164a before the filter characteristics 164b in alpha= 1. omegao is 

expressed like omegao=piTo using Nyquist interval Tq. 

[0013]Usually, it becomes the optimal transmission system characteristic for the combination of 
the route roll-off filter characteristic which distributed the characteristic of being expressed with 
the above-mentioned (formula 1) to division into equal parts at the transmitting side and the 

receiver of the transmission system to make a digital error rate the minimum. 
[0014]In order to observe visually the received-pulses waveform containing intersymbol 
interference and a noise, the eye diagram (eye pattern) typically drawn on drawing 17 is 
convenient. An eye diagram is the waveform which restored to the digital signal sequence 
modulated by the random pulse by the receiver, took the synchronization by the clock pulse and 
described this demodulation waveform on the oscilloscope. 

[0015]The opening part 171 of the waveform pattem which carried out the form of the eye near 
the identification point of the eye diagram shown in drawing 17 can be called an eye, and it can 
ask for the degree of margin of numerals discernment from this numerical aperture. Supposing 
there is deltaV in the direction of an oscillation axis (lengthwise direction) and the numerical 
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aperture of an eye has degradation of deltaT to an ideal eye in a time base direction (transverse 
direction), Tlie eye numerical aperture of VaA^p and a time base direction is expressed with ta/Tp, 
and the eye numerical aperture of the direction of an oscillation axis can evaluate the quality of 
the transmission system characteristic by these eye numerical apertures. 
[0016]However, since it complains of the evaluation by this eye numerical aperture to human 
being's feeling intuitively, as qualitative observation, it is convenient, but there are some which 
lack in quantitative evaluation. On the other hand, as a quantitive rate scale of a digital signal 
transmission system, there is a vector amplitude error showing an error with the modulated wave 
type of an ideal. This is a value of the vector amplitude error 182 which expressed the gap from 
the ideal signal 181 based on the coordinates R of the amplitude/phase of ideal pi / 4 shift QPSK 
signal, and the coordinates S of the amplitude/phase of pi / 4 shift QPSK signal actually 
measured, as shown in drawing 18 . 

[0017]Generally, (absolute value of vector amplitude error 182)/(absolute value of the amplitude 
of the ideal signal 181) is called modulation accuracy, and it is considered as the rate scale in a 
digital signal transmission system. In the RCR (Research & Development Center of Radio 
System) standard, modulation accuracy is determined as less than 12.5% in the sending signal. 
[00 18] As mentioned above, in a digital transmission system, As most typical filter that 
realization of the transmission line which loses intersymbol interference to an impulse signal, 
and where little response of a digital error is obtained becomes important, and can realize such 
an impulse response, A roll-off filter is mentioned and the digital error rate resulting from 
intersymbol interference can be reduced also in a digital radio transmission system by using this 
roll-off filter as an intermediate frequency filter of the communication equipment in a digital 
radio transmission system. 

[0019]Of course, a roll-off filter suitable for digital signal transmission described above can be 
easily constituted using discrete part, such as an inductor and a capacitor, and is used from the 
former. However, there is a limit in the miniaturization, and the LC filter constituted using such 
an inductor (L), a capacitor (C), etc. cannot fully satisfy the request of the time of 
microminiaturization of the present communication equipment, and has already become the past 
thing. 

[0020]By then, development of the presentation called the three component systems PZT since 
piezoelectricity was checked in the ceramic element made from barium titanate (BaTiOs). The 
piezoelectric ceramic material which a dielectric constant, piezoelectricity, a mechanical quality 
factor, temperature characteristics, etc. can choose now freely, . Compared with other 
piezoelectric material, the wide range characteristic is obtained by changing the presentation 
whose piezoelectricity is size and whose dielectric constant is size. Since it has many features 
which are the extremely stable low cost with mass production nature which can form shape 
freely, and are referred to as suitable for the miniaturization etc., it came to be widely used as a 
material of a resonator. 

[0021]Therefore, can use this piezoelectric ceramic material as a raw material of the intermediate 

frequency filter of the 450-kHz belt used for digital mobile communications equipment, and as 
an intermediate frequency filter in digital mobile communications equipment from the former, 
Many ceramics filters constituted using the above-mentioned piezoelectric ceramic material are 
used. 



EFFECT OF THE INVENTION 
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[Effect of the InventionJBy this invention, a frequency span including even the point over said 
input signal of an output signal decreasing [ 3 dB ] as mentioned above. Based on the route roll- 
off filter which said input signal determined as the 3-dB bandwidth which carries out a band 
pass, and made the rate 0.5 of a roll-off, as the transient region characteristic between a pass 
band [ / in said 3 dB bandwidth ], and the decay area corresponding to the outside of said 3-dB 
bandwidth, Tn said pass band, size rather than said route roll-off filter The characteristic which 
presents the becoming path loss, said decay area ~ said route roll-off filter ~ smallness — it 
constituted so that it might have the characteristic which presents path loss, and including two or 
more ripples, the group delay frequency characteristics in a band pass field detached the peak of 
the ripple substantially, and constituted it from center of filter frequency. 
Therefore, when using it as an intermediate frequency filter of the communication equipment in 
a digital radio transmission system, the digital error rate which has outstanding filter 
characteristics and originates in intersymbol interference can be reduced. 

[0072] Since the above-mentioned intermediate frequency filter was constituted using the 
piezoelectric ceramic element, the surface acoustic element, or the integration switched 
capacitor, in addition to the above-mentioned effect, design and manufacture can be further made 
easy, and it can miniaturize. 

[0073 ]By the above, such communication equipment can be further miniaturized by using it as 
an intermediate frequency filter of portable communication equipment like the mobile 
communications cordless handset in a digital radio transmission system. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionJHowever, although it is widely used from the 
necessity for the miniaturization and uses as the intermediate fi-equency filter in the mobile 
communications equipment in a digital radio transmission system now in the conventional 
intermediate frequency filter constituted by the above ceramics filters, This ceramics filter 
assumes a gap of the frequency by temperature characteristics etc.. It is most which designed a 
**10.5-kHz 3-dB pass band width, provided means, such as carrying out extemal [ of the resistor 
] to a resonator in order to decrease a group delay deviation, and has acquired the modulation 
accuracy of required In the case where this kind of filter is used for a digital transmission 
system, although the actual condition is that it is [ that there is nothing ] near in practical 
information useful to that design and manufacture and the miniaturization was completed, the 
design had the problem that it was difficult and manufacture was not easy. 
[0023 ]In general radio fi*equency signal transmission systems, such as a digital signal 
transmission system using a radio frequency signal, In [ as for the above ceramics filters, it is 
common to be used only for a receiver as an intermediate frequency filter, therefore ] a digital 
radio transmission system, Realizing route roll-off characteristics by the above-mentioned 
problem in the receiver for which the intermediate frequency filter which comprised above 
ceramics filters is used also had the problem of being very difficult. 

[0024]When this invention solves the above-mentioned problem and it uses it as an intermediate 
frequency filter of the communication equipment in a digital radio transmission system. The 
digital error rate which has outstanding filter characteristics and originates in intersymbol 
interference can be reduced, and the intermediate fi*equency filter which can make design and 
manufacture easy further, and can be miniaturized is provided. 
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MEANS 



[Means for Solving the ProblemJIn order to solve an aforementioned problem, the intermediate 
frequency filter of this invention according to claim 1, A frequency span which chooses and 
outputs a specific frequency component of an input signal, and includes even a point over said 
input signal of the output signal decreasing [ 3 dB ], Based on a route roll-off filter which said 
input signal determined as the 3-dB bandwidth which carries out a band pass, and made the rate 
0.5 of a roll-off, as the transient region characteristic between a pass band [ / in said 3 dB 
bandwidth ], and a decay area corresponding to outside of said 3-dB bandwidth, said pass band ~ 
said route roll-off filter ~ size ~ the characteristic which presents path loss, and said decay area - 
- said route roll-off filter ~ smallness ~ it constitutes so that it may have the characteristic which 
presents path loss. 

[0026]According to this composition, when it is used as an intermediate frequency filter of 
communication equipment in a digital radio transmission system, it acts so that a digital error 
rate resulting from intersymbol interference may be reduced. 
[0027] 

[Embodiment of the Invention] Hereafter, the intermediate frequency filter in which an 
embodiment of the invention is shown is explained, referring to Drawings. 
[0028]As conventional technology explained, when using a ceramics filter made from a 
piezoelectric ceramic material as an intermediate frequency filter of the communication 
equipment in a digital radio transmission system. From the Reason the design and manufacture 
for reducing the digital error rate which has outstanding filter characteristics and originates in 
intersymbol interference are not easy. In the ceramics filter of the 450-kHz belt used for digital 
mobile communications equipment, the actual condition is that realization of route roll-off 
characteristics without intersymbol interference is very difficult. 
[0029]Therefore, by investigating the influence which it has on the transmission system 
characteristic when filter characteristics separate from route roll-off characteristics here. The 
result of having examined the desirable characteristic of the ceramics filter is explained to the 
case where a ceramics filter is used as above intermediate frequency filters. 
[0030]Evaluation of filter characteristics was performed by searching for the modulation 
accuracy showing the gap from an ideal signal (state without intersymbol interference), i.e., 
(absolute value of vector amplitude error)/, (absolute value of ideal signal amplitude) in a 
simulation. 

[0031]First, when modulation accuracy estimates filter characteristics, the outline procedures of 
the modulation accuracy simulation used for the evaluation are enumerated below, and are 
explained briefly. The procedure of this modulation accuracy simulation creates random data 
using 15 steps of (1) M sequence. 
[0032](2) Change binary code into a gray code. 

(3) Map a gray code in pi / 4 shift QPSK. 

(4) Calculate the impulse response of a route roll-off filter. 
[0033](5) Create the repetition waveform for FFT. 

(6) Perform a convolution integral. 

(7) Pass a linear amplifier and amplify. 

[0034](8) Ask for the maximum, the minimum, and average power. 
(9) Ask for a frequency domain by FFT. 
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(10) Create the data for a plot in a frequency domain. 
[0035](1 1) Pass a receiving filter in a frequency domain. 

(12) Search for a segment of time by FFT. 

(13) Plot data on a phase plane. 

[0036](14) Ask for an amplitude error and a phase error. 

(15) Calculate modulation accuracy. 

(16) Change inclination of the phase of a filter. 

** ~ it becomes like. Here, integration of (6) is performed by passing a route roll-off filter, the 
characteristic of the receiving filter of (1 1) is incorporated from a ceramics filter design program 
or data measuring, and the filter characteristics are given with amplitude and a phase. In pi / 4 
shift QPSK modulation, in order to apply abnormal conditions by relative displacement of a 
phase, as for inclination of the phase of a filter, whether only in which, not a problem but the 
phase has shifted from the straight line poses a problem. For this reason, a phase is incorporated 
with the straight line used as a standard, and is given with the difference of data. The slope of a 
line used as a standard shall repeat (1 1) - (16), and shall make modulation accuracy the 
minimum. 

[0037]The combination of the various filter characteristics which show drawing 1 - drawing 5 
the above-mentioned simulation was followed. By the case where drawing 2 is between 
transmission and reception, and it has roll-off characteristics by the case where drawing 1 is 
between transmission and reception, and it has route roll-off characteristics. By the case where a 
receiver filter has an A-weighting function with route roll-off characteristics, a transmitting side 
filter drawing 3 . In the case where, as for drawing 4 . a receiver filter has B weighting with route 
roll-off characteristics in a transmitting side filter, drawing 5 is a case where a transmitting side 
filter has route roll-off characteristics, and a receiver filter has C weighting. The actual 
measurement of the modulation accuracy about these filter characteristics and the result of the 
simulation were shown as compared with (Table 1). 



[0038] 
Table 1] 
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[0039]this (Table 1) ~ from ~ it is admitted that the actual measurement and simulation value of 

modulation accuracy are well in agreement so that clearly. Therefore, suppose that evaluation of 
the filter characteristics in this embodiment is performed with the simulation of modulation 
accuracy. 

[0040]In order to miniaturize a 450-kHz belt ceramics filter, it is effective to use the rectangular 
plate vibrator using the length vibration mode of a piezoelectric transducer as a filter element. 
However, since the interval of resonance frequency-antiresonant frequency is small compared 
with spread vibration when using length vibration mode, the problem that the design of the filter 
of a broadband is difficult occurs. Then, the influence which change of bandwidth has on 
modulation accuracy was considered. 



Page 17 of 22 



Machine EngUsh translation of JP 9-153837 A 



[0041]On the occasion of this examination, a transmission system is used with 3dB bandwidth 

10.5kHz, The 3-dB bandwidth of the route roll-off filter which gives the characteristic as an 
intermediate frequency filter of a receiving system, and the rate alpha of a roll-off were changed 
using the intermediate frequency filter which has the characteristic of the route roll-off filter 
made into the rate alpha= 0.5 of a roll-off, and the modulation accuracy was evaluated. It 
corresponds to the ceramics filter which the route roll-off filter of a receiving system examines. 
Here, the characteristic of each filter shall have the linear phase characteristic. The examining 
result by the above conditions is shown in ((Table 2 and 3)). 
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Table 2] 
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[0043] 



[Table 3] 
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[0044]In (Table 2) and the (Table 3), when 3-dB bandwidth is **10.5 kHz, modulation accuracy 
serves as best, Other than this, even when jam bandwidth of 3 dB is larger than it, and even when 
small, it is shown that modulation accuracy deteriorates, and it is also shown that these things 
can say similarly about all the rates of a roll-off 

[0045] Since the direction which makes 3-dB bandwidth large is smaller than the direction to 
narrow, the degree of degradation is understood that the deterioration degree by dispersion in 
frequency is small advantageous when 3-dB bandwidth is designed width. Speaking of the rate 
of a roll-off, the optimum value of the rate of a roll-off which makes modulation accuracy best 
exists with 3-dB bandwidth. When narrowing 3-dB bandwidth, there is a tendency for the 



Page 18 of 22 



Machine EngUsh translation of JP 9-153837 A 



degradation rate of modulation accuracy to decrease, by enlarging the rate of a roll-off. 
[0046]Thus, when 3-dB bandwidth is narrow, it is possible to reduce degradation of modulation 
accuracy by enlarging the rate of a roll-off, but it is guessed that the frequency drift by 
temperature characteristics has an adverse effect on modulation accuracy compared with the case 
where 3-dB bandwidth is wide. 

[0047]Generally, it is thought that the energy distribution of a transmission signal is concentrated 
in the 3-dB bandwidth of a filter. Therefore, when the filter characteristics in 3-dB bandwidth 
change, naturally change of modulation accuracy is expected. 

[0048] Drawing 6 and drawing 7 are the characteristic figures of the low-pass filter which is 
going to evaluate change of modulation accuracy. Drawing 6 and drawing 7 are based on the 
same low-pass filter, and are a characteristic figure of the various low-pass filters to which the 
intemal and extemal rate of a roll-off of the 3-dB bandwidth was changed. 
[0049]These filter characteristics are based on the route roll-off filter of 3dB bandwidth 
=10. 5kHz and the rate alpha= 0.5 of a roll-off. Drawing 6 shows filter characteristics when 
drawing 7 changes the rate alpha of a roll-off into 0, 0.25, 0.75, and 1.0 with the frequency band 
of a high region rather than 10.5 kHz, when the rate alpha of a roll-off is changed into 0, 0.25, 
0.75, and 1.0 with a low-pass frequency band rather than 10.5 kHz. However, it assumes that a 
phase is constant and group delay frequency characteristics are not taken into consideration. The 
dashed line 61 in drawing 6 and drawing 7 shows the filter characteristics of the route roll-off 
filter of the rate alpha= 0.5 of a roll-off in a transmission system, respectively. 
[0050]The evaluation result of the modulation index in the transmission system of the filter 
characteristics shown in drawing 6 and drawing 7 is shown in drawing 8 . Drawing 8 t he rate of a 
roll-off in the modulation accuracy characteristic 81 at the time of making it change within 3-dB 
bandwidth. In the modulation accuracy characteristic 82 at the time of degradation of modulation 
accuracy becoming less than the case where the rate alpha of a roll-off becomes smaller [ it / to 
become larger than 0.5 ], a little, and changing the rate of a roll-off out of 3-dB bandwidth. It 
means that degradation of modulation accuracy becomes less than the case where the rate alpha 
of a roll-off becomes smaller [ it / to become larger than 0.5 ], remarkably. 
[0051] When in other words it is a filter whose 3-dB bandwidth is 10.5 kHz, The transmission 
quantity in 3-dB bandwidth to the transmission quantity of the route roll-off characteristics of the 
rate 0.5 of a roll-off the direction of few filter characteristics. Compared with many filter 
characteristics, degradation of modulation accuracy is small, and degradation of modulation 
accuracy has the small transmission quantity besides 3-dB bandwidth compared with filter 
characteristics with few many filter characteristics to the transmission quantity of the route roll- 
off characteristics of the rate 0.5 of a roll-off The degree of degradation is remarkable when 
transmission quantity out of band 3 dB becomes less than the transmission quantity of the route 
roll-off characteristics of the rate 0.5 of a roll-off. 

[0052]Since the filter characteristics with the small rate alpha of a roll-off are the things of a very 
steep operating characteristic, realization is difficult, and the actual rate of a roll-off becomes 
large easilier than 0.5. Therefore, the characteristic in 3-dB bandwidth becomes important from a 

viewpoint of raising modulation accuracy. 

[005 3] So far, although the examining result about the amplitude characteristic of a filter has been 
explained, the analysis result about group delay frequency characteristics is explained 
henceforth. The group delay frequency characteristics of a ceramics filter are absolutely 
govemed by group delay and the group delay ripple deviation. By any means, group delay 
specifies the timing of the transmission and reception in Transmission Systems Division, and 
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does not affect modulation accuracy. On the other hand, a group delay ripple deviation causes 
waveform distortion at the time of a signal passing a filter, and has direct influence on 
modulation accuracy. 

[0054]The number of group delay ripples in the 3-dB bandwidth of a filter (the number of the 
mountains of the group delay on a frequency axis) changes a little with designing methods. In 
regulation of the present group delay frequency characteristics, although the ripple deviation is 
defined, it is not defined to the number of ripples. Here, the relation between a group delay ripple 
deviation and modulation accuracy is considered, and when a ripple deviation is still more nearly 
equal, and the numbers of ripples differ, the influence modulation accuracy is influenced is 
considered. 

[0055]3-dB bandwidth is **10.5 kHz, and the rates alpha of a roll-off are the route roll-off 
characteristics of 0.5 for examination. A phase characteristic shall be given by ph(x)=x-sinx. 
[00561 Drawing 9 shows the characteristic in case the number of group delay ripples which is the 
typical feature of a ceramics filter is 1 , and drawing 10 shows the characteristic in case the 
number of group delay ripples is 2. A solid line shows a phase characteristic by drawing 9 and 
drawing 10 , and a dashed line shows group delay frequency characteristics. 
r00571 Drawing 11 i s a modulation accuracy characteristic figure to a group delay ripple 
deviation. It is shown that a group delay ripple deviation and modulation accuracy have a 
relation of primary proportionality as for drawing 11 . Here, it is shown clearly that the curve 112 
with two ripples of degradation of modulation accuracy is smaller to the same group delay ripple 
deviation compared with the curve 111 with one ripple. The same result was obtained also when 
the number of ripples was two or more. 

[0058]Since the absolute value of the amplitude of a phase becomes small so that there are many 
ripples when a group delay ripple deviation is equal, it is thought that it depends for modulation 
accuracy on the absolute value of phase amplitude instead of a group delay ripple deviation. That 
is, if the group delay ripple deviation is the same, a direction with many ripples is advantageous 
to an improvement of modulation accuracy. 

[0059]From the above-mentioned analysis result, it was presumed that the factor which carries 
out direct influence to modulation accuracy was not a group delay ripple deviation but a phase 
excursion. Then, the relation between a phase characteristic and modulation accuracy is 
considered. 3-dB bandwidth is **10.5 kHz, the candidate for examination is the same with the 
case of a group delay ripple deviation, and the rates alpha of a roll-off are the route roll-off 
characteristics of 0.5. 

r00601 Drawinj^ 12 and drawing 13 show the phase excursion characteristic in case there is a 
phase excursion only in a certain frequency range, and the group delay frequency characteristics 
corresponding to the phase excursion (the phase normalized the field which changes linearly in 
the straight line of phase excursion =0, and the phase excursion characteristic expressed a 
changed part from the reference line). 

[0061]The phase excursion when the frequency from which a phase excursion serves as the 
maximum without changing the form of a phase excursion was changed (that is, parallel 
movement of the form of a phase characteristic is carried out on a frequency axis.) asked for the 
relation of the frequency and modulation accuracy which take the maximum with the simulation. 
The result is shown in drawing 14 . 

[0062]As a general trend, it turns out that the influence which it has on modulation accuracy is 
small, so that a phase excursion separates from center frequency. Although drawing 12 and 
drawing 13 show the phase characteristic with the same maximum phase excursion, therefore the 
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direction of drawing 13 p resents a rapid phase change, the group delay deviation is twice [ about 

] to drawing 12. 

[0063]However, dra winR 14 shows that it is the characteristic as modulation accuracy that the 
characteristic 142 of drawing 13 is more preferred rather than the characteristic 141 of drawing 
12. This shows that it is insufficient that only a group delay deviation (what differentiated the 
phase about frequency) estimates modulation accuracy, when a phase excursion is equal. When a 
phase excursion was equal, it was checked that it may also be more effective in an improvement 
of modulation accuracy for a phase to change rapidly. 

[0064]As stated above, in the intermediate frequency filter of this embodiment, the following 

matter became clear by evaluating the filter characteristics from modulation accuracy. 

1 . When narrowing (1) 3-dB bandwidth rather than route roll-off characteristics about an 
amplitude characteristic, degradation of modulation accuracy has the small one where the rate of 
a roll-off is larger. 

[0065](2) Although route roll-off characteristics are ideals, if the zone of an amplitude 
characteristic is narrow to route roll-off characteristics within a 3-dB zone when separating from 
this characteristic and it is out of band 3 dB, degradation of modulation accuracy has the small 
one to route roll-off characteristics where a zone is larger. 

[0066](3) The thing with the largest rate of degradation is out of band 3 dB, and is a case where a 

zone becomes narrow from route roll-off characteristics. 

(4) When it actually constitutes a filter, it is difficult to make the rate of a roll-off or less into 0.5, 
and it is effective against modulation accuracy in this case. [ of the amplitude characteristic 
within a 3 dB zone ] 

[0067](5) When the rate of a roll-off is equal, compared with the case where the direction where 
3-dB bandwidth spreads to a reference value ("^"^10.5 kHz) narrows, degradation of modulation 
accuracy has a small rate. The small filter of influence is obtained from this to frequency 
deviation by designing bandwidth greatly beforehand. 

2. If (1) group-delay-ripple deviation is the same about group delay frequency characteristics, a 
direction with many ripples is advantageous to modulation accuracy. From this, it seems that 
modulation accuracy is related to a phase excursion. 

[0068](2) The influence on modulation accuracy becomes small, so that a position with a 
deviation separates from the center frequency of a filter, when there is a phase excursion. 
(3) When a phase excursion is equal, compared with the case where a phase changes in (a phase 
characteristic is steep) and a wide frequency range in the direction where a phase changes, 
modulation accuracy becomes good in a narrow frequency range. From this, a group delay 
deviation is had a feeling that modulation accuracy is not what is connected directly. 
[0069]Based on the examining result of the filter characteristics for digital signal transmission 
from the field of the modulation accuracy evaluation described above, the resonator used length 
vibration mode and center of filter frequency made the eight-element ceramic ladder filter as an 
experiment as 450 kHz. The modulation accuracy acquired considering this ceramics filter as an 
intermediate frequency filter is 4.9% thru/or 6.8%, and this fully fills the practical use 
characteristic. 

[0070]In the intermediate frequency filter in this embodiment, although the ceramics filter was 
explained as an example. If it is various kinds of semiconductor fiinctional devices including a 
surface acoustic element and CCD, the integrated switched capacitor element, and the other 
elements which achieve an equivalent function. No matter what element it may use, the 
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intermediate frequency filter shown by this embodiment and the same intermediate frequency 
filter can be constituted, and the same effect can be acquired. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The route roll-off-characteristics figure between transmission and reception of the 
intermediate frequency filter of an embodiment of the invention 

[Drawing 21 The roll-off-characteristics figure between transmission and reception in the 
embodiment 

[Drawing 3] The transmitting side route roll-off and receiver A- weighting function figure in the 
embodiment 

[Drawing 4 ]The transmitting side route roll-off and receiver B weighting figure in the 
embodiment 

[Drawing 5] The transmitting side route roll-off and receiver C weighting figure in the 
embodiment 

[Drawing 6"| The characteristic figure of the low-pass filter used for evaluation of modulation 

accuracy change 

[Draw ing 7] The characteristic figure of another low-pass filter used for the evaluation 
[Drawing 8] The modulation accuracy characteristic figure to the rate of a roll-off 
[Drawing 9] A group-delay- frequency-characteristics figure in case the number of group delay 
ripples is one piece 

[Drawing 10] A group-delay-frequency-characteristics figure in case the number of group delay 
ripples is two pieces 

[Drawing 11] The modulation accuracy characteristic figure to a group delay ripple deviation 
[Drawing 12] A phase excursion and a group-delay-frequency-characteristics figure in case the 
specific frequency range has a loose phase excursion 

[Drawing 13] A phase excursion and a group-delay- frequency-characteristics figure in case the 
specific frequency range has a rapid phase excursion 

[Drawing 14] The related figure of the phase excursion maximum frequency and modulation 
accuracy 

[Dravvjiig^ lS l The impulse response waveform figure of an ideal low-pass filter 
[Drawing 16] The explanatory view of the roll-off filter addition to an ideal low-pass filter 
[Drawing 17] The mimetic diagram of an eye diagram 

[Drawing 18] The explanatory view of the vector amplitude error which defines modulation 

accuracy 

[Description of Notations] 
61 Standard route roll-off filter 

81 The modulation accuracy curve within 3dB zone 

82 A modulation accuracy curve out of band 3 dB 
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